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]HUQ HUP|JOLFKHQ 1DFK GHU 'DUVWHOOXQJ GHU =LHKXQJ GHV 0LNUR]HQVXV XQG GHV
6FLHQWLILF8VH)LOHVZLUGLQ$QOHKQXQJDQ6lUQGDOHWDOHLQPHWKRGLVFKHV.RQ
]HSW]XU%HUHFKQXQJGHU9DULDQ]HQWZLFNHOWXQGDXI GLH6FKlW]XQJYRQ7RWDOV9HU
KlOWQLV XQG 0LWWHOZHUWHQ DQJHZHQGHW )U DXVJHZlKOWH 0HUNPDOH ZHUGHQ 9DULDQ]
VFKlW]XQJHQDXI GHU%DVLVGHV6FLHQWLILF8VH)LOHVPLW(UJHEQLVVHQGHV6WDWLVWLVFKHQ
%XQGHVDPWHV YHUJOLFKHQ =XU %HKDQGOXQJ YRQ KRFKJHUHFKQHWHQ DQ GLH %HY|ONH
UXQJVIRUWVFKUHLEXQJ DQJHSDVVWHQ 0LNUR]HQVXVHUJHEQLVVHQ ZLUG HLQH 5HJUHVVLRQV
VFKlW]XQJYRUJHVWHOOW(UKHEOLFKH'LIIHUHQ]HQ]ZLVFKHQ DQJHSDVVWHQXQGQLFKW DQJH
SDVVWHQ 6FKlW]HUJHEQLVVHQ ZHUIHQ GLH )UDJH YHU]HUUWHU 3RSXODWLRQVVFKlW]XQJHQ DXI
$EVFKOLHHQGZLUG GHU1XW]HQ YRQ$SSUR[LPDWLRQHQ GHU9DULDQ] EHU GLH'HVLJQ
(IIHNWHGLVNXWLHUW(V]HLJWVLFKGDVVGLHVHV+LOIVPLWWHODXFKIUGDV6FLHQWLILF8VH)LOH
]X EUDXFKEDUHQ (UJHEQLVVHQ IKUW LQ (LQ]HOIlOOHQ DEHU PLW HUKHEOLFKHQ hEHU E]Z
8QWHUVFKlW]XQJHQ GHU 9DULDQ] YHUEXQGHQ LVW 0LW GHP 9RUOLHJHQ GHU 6WLFKSUREHQ




=80$)U DQUHJHQGH'LVNXVVLRQHQ GDQNHQZLU:ROI %LKOHU 6WDWLVWLVFKHV %XQGHVDPW 5DOI
0QQLFK 8QLYHUVLWlW 7ELQJHQ VRZLH 6LHJIULHG *DEOHU 6DELQH +lGHU XQG 0LFKDHO
:LHGHQEHFN=80$(LQHHUVWH)DVVXQJGHV0DQXVNULSWVZXUGHDXIGHU1XW]HUNRQIHUHQ]
Å)RUVFKXQJPLWGHP0LNUR]HQVXV´ DP LQ0DQQKHLPYRUJHWUDJHQ XQG OLHJW LQ
HLQHUNU]HUHQ9HUVLRQYRU5HQGWHO6FKLPSO1HLPDQQV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HVWLPDWRU JURXS PHDQ PRGHO LV SUHVHQWHG IRU WKH SRVWVWUDWLILFDWLRQ RI  WKH
0LFURFHQVXV HVWLPDWHV /DUJH GLIIHUHQFHV EHWZHHQ WKH SRVWVWUDWLILHG GDWD DQG WKH
XQDGMXVWHGGDWDUDLVHWKHTXHVWLRQDVWRZKLFKRI WKHWZRSRSXODWLRQHVWLPDWHVLVEL






0LW HLQHP 6WLFKSUREHQXPIDQJ YRQ HLQHP 3UR]HQW GHU 3HUVRQHQ XQG +DXVKDOWH
ZHUGHQLP0LNUR]HQVXVMlKUOLFKYLHOIlOWLJH,QIRUPDWLRQHQEHUGLHGHPRJUDSKLVFKH
VR]LDOH XQG ZLUWVFKDIWOLFKH 6WUXNWXU GHU %HY|ONHUXQJ HUKREHQ YJO (PPHUOLQJ



















DQ]VFKlW]XQJHQ QXU XQWHU GHU $QQDKPH HLQHU XQHLQJHVFKUlQNWHQ =XIDOOVDXVZDKO
GXUFKIKUHQ'D DEHU GLH.OXPSXQJ LQ GHU 5HJHOPLW HLQHU9DULDQ]YHUJU|HUXQJ




GLHVHV3UREOHPV HUIRUGHUOLFK8PVRZLFKWLJHUZXUGH GLHV QDFKGHPGLH=DKO GHU
0LNUR]HQVXVQXW]HU LQ )ROJH HLQHV YRP %XQGHVPLQLVWHULXP IU %LOGXQJ XQG )RU











,QIRUPDWLRQHQ EHU GHQ 6WLFKSUREHQSODQ LQ DQRQ\PLVLHUWHU )RUP ]XU 9HUIJXQJ







VlW]OLFK VLQG DEHU DXFK V\VWHPDWLVFKH)HKOHU ]X EHDFKWHQ GLH EHL GHU %HUHFKQXQJ
GHV 6WLFKSUREHQIHKOHUV XQEHUFNVLFKWLJW EOHLEHQ 6\VWHPDWLVFKH )HKOHU HQWVWHKHQ




WLQJHU  VRZLH LP:RUOG:LGH:HE 85/ KWWSZZZJHVLVRUJ'DXHUEHREDFKWXQJ
0LNURGDWHQ9HUDQVWDOWXQJHQ9HUDQVWDOWXQJHQBLQGH[KWP
 =80$1DFKULFKWHQ-J0DL



















LP 9HUJOHLFK ]XP 6WLFKSUREHQSODQ IU GHQ 0=  HLQH WLHIHUH UHJLRQDOH





'LH %LOGXQJ GLHVHU 368
V HUIROJWH LQQHUKDOE YRQ  *HElXGHNODVVHQ VRJHQDQQWH






 6LHKH KLHU]X HUJlQ]HQG DXFK GLH 'DUVWHOOXQJHQ GHU VWDWLVWLVFKHQ /DQGHVlPWHU )UDQN
.DIXUNH5HLQGHUV6FKPLGW:HUQHU
5HQGWHO6FKLPSO1HLPDQQV'LH%HUHFKQXQJGHU9DULDQ]YRQ3RSXODWLRQVVFKlW]HUQ 








V LQQHUKDOEGHU IDFKOLFKHQXQG UHJLR
QDOHQ6FKLFKWHQQDFKGHQ0HUNPDOHQ%XQGHVODQG5HJLHUXQJVEH]LUN.UHLV*HPHLQ































ZRKQHQGHQ +DXVKDOWH YLHU -DKUH ODQJ EHIUDJW ZHUGHQ ZREHL MlKUOLFK HLQ 9LHUWHO GHU 368
V






KDOE QLFKW ZHLWHU (LQH 0|JOLFKNHLW PLW GLHVHU 6FKZLHULJNHLW XP]XJHKHQ EHVWHKW
GDULQGLH6FKLFKWHQJU|HU]XGHILQLHUHQXQGGLH=RQHQVWUXNWXUGHV=LHKXQJVYHU
IDKUHQV ]X LJQRULHUHQ GDV KHLW IU GLHVH JU|HUHQ 6FKLFKWHQZLUG HLQH XQHLQJH
VFKUlQNWH=XIDOOVDXVZDKODQJHQRPPHQ'LHVH6WUDWHJLHZLUGDXFKLQGHQ9DULDQ]EH







ZLH HU LQ GHQ VWDWLVWLVFKHQbPWHUQ YRUOLHJW  GLH 6WLFKSUREHQYDULDQ] HEHQIDOOV QXU
QlKHUXQJVZHLVHEHVWLPPWZHUGHQNDQQ






HEHQH 3ULPlUHLQKHLWHQ DXI  %DVLV GHU %DXWlWLJNHLWVVWDWLVWLN JHELOGHW 'LHVH 368
V















KDOWH ]X GHQ 5RWDWLRQVJUXSSHQ ELVKHU QLFKW GRNXPHQWLHUW %HL .HQQWQLV GHU 5RWD
WLRQVJUXSSHQ]XJHK|ULJNHLWN|QQWHPDQGLH9DULDQ]EHLVSLHOVZHLVHEHUGDV-DFNNQLIH




$XV 'DWHQVFKXW]JUQGHQ NRQQWH GLH 5HJLRQDOVFKLFKW DOV UHJLRQDOHV 6FKLFKWXQJV
PHUNPDO QLFKW LQ GHQ )$0= DXIJHQRPPHQ ZHUGHQ 'DUEHU KLQDXV ZXUGH LP




XQG+DXVKDOWVQXPPHU DQJHRUGQHW 'LHVH $QRUGQXQJ XQWHUVFKHLGHW VLFK YRQ GHU
6FKLFKWXQJLP0=KDXSWVlFKOLFKKLQVLFKWOLFKGHU=DKOGHU3HUVRQHQLP3ULYDWKDXV
KDOW LQ GHU 6RUWLHUIROJH ,Q GLHVHU $QRUGQXQJ ZXUGHQ GLH +DXVKDOWH QHX GXUFK
QXPPHULHUW,QGLH$XVZDKOYRQ3UR]HQWDOOHU+DXVKDOWHZXUGHQDOOH+DXVKDOWH²
HLQVFKOLHOLFK DOOHU 3HUVRQHQ LQ GLHVHQ +DXVKDOWHQ ² EHUQRPPHQ GHUHQ OHW]WH
3ODW]]LIIHUGHU+DXVKDOWVQXPPHUYRQXQGYHUVFKLHGHQZDU,P$QVFKOXVVDQ
GLH6WLFKSUREHQ]LHKXQJZXUGHQGLH+DXVKDOWH XPVRUWLHUW XQG HUKLHOWHQ HLQHQHXH
IRUWODXIHQGH 1XPPHULHUXQJ VR GDVV GLH DOWHQ +DXVKDOWVHQG]LIIHUQ QLFKW PHKU
UHNRQVWUXLHUEDUVLQG
'LHVHV YRP0= DEZHLFKHQGH 9HUIDKUHQ HUVFKZHUW GLH %HUHFKQXQJ GHU 6WLFKSUR
EHQYDULDQ],QVEHVRQGHUH LVWGLHIHKOHQGH.HQQWQLVEHUGLH$Q]DKOGHU+DXVKDOWH
SUR368LP0=EH]LHKXQJVZHLVHGHU9HUOXVWGHU,QIRUPDWLRQEHUGLHOHW]WH3ODW]











2EZRKO GDV 6FLHQWLILF8VH)LOH VRPLW LP VWUHQJHQ 6LQQH EHU HLQ SKDVLJHV=LH
KXQJVYHUIDKUHQ DXI  +DXVKDOWVHEHQH JHZRQQHQ ZXUGH LVW GDV 9HUIDKUHQ LQ JXWHU
1lKHUXQJ GXUFK HLQ ]ZHLVWXILJHV $XVZDKOYHUIDKUHQ EHVFKUHLEEDU +LHUEHL HQW
VSULFKWGLH HUVWH 6WXIHGHU JHVFKLFKWHWHQ$XVZDKO GHU 368
V LP0LNUR]HQVXV'LH
]ZHLWH6WXIHNDQQDOV HLQHHLQIDFKH3UR]HQW$XVZDKOYRQ+DXVKDOWHQ DXV HLQHU
368EHWUDFKWHWZHUGHQ
:LHLPOHW]WHQ$EVFKQLWWIHVWJHKDOWHQLVWGLH$QQDKPHIHVWHU6WLFKSUREHQXPIlQJH
IUGLH ]ZHLWH$XVZDKOVWXIH GXUFK GDV V\VWHPDWLVFKH=LHKXQJVYHUIDKUHQ QLFKW LP
PHUJHJHEHQXQGELOGHWHLQH4XHOOHIUGLH9DULDWLRQGHU6FKlW]HUJHEQLVVHGLHPDQ
JHOV HQWVSUHFKHQGHU ,QIRUPDWLRQ LJQRULHUW ZHUGHQPXVV:HLWHUKLQ VLQG DXIJUXQG
GHVV\VWHPDWLVFKHQ=LHKXQJVYHUIDKUHQVGLH=LHKXQJHQGHU+DXVKDOWH]ZLVFKHQGHQ
HLQ]HOQHQ368
VQLFKW YRQHLQDQGHUXQDEKlQJLJ(V NDQQ MHGRFKYHUPXWHWZHUGHQ























\ EH]LHKWVLFKVRPLWDXI +DXVKDOW N LQ
368 L  LQ 6FKLFKW K  N\  YHUZHLVW DXI  GHQ 0HUNPDOVZHUW YRQ +DXVKDOW N 
XQDEKlQJLJYRQGHVVHQ3681XPPHUXQGGHU6FKLFKW]XJHK|ULJNHLW

 0HKUSKDVLJH XQWHUVFKHLGHQ VLFK YRQ PHKUVWXILJHQ 6WLFKSUREHQ GDULQ GDVV EHL
3KDVHQDXVZDKOHQGLH$XVZDKOHLQKHLWHQ]%3KDVH$XVZDKOGHU0=+DXVKDOWH3KDVH
3UR]HQW$XVZDKO GHU )$0=+DXVKDOWH JOHLFK VLQG ZlKUHQG PHKUVWXILJHQ $XVZDKOHQ
XQWHUVFKLHGOLFKH $XVZDKOHLQKHLWHQ ]X *UXQGH OLHJHQ ]%  6WXIH 368
V  6WXIH




JHVDPWKHLWHQ EHUFNVLFKWLJW ZHUGHQ (V VHL
,
8  GLH0HQJH DOOHU 3ULPlUHLQKHLWHQ LP
(UKHEXQJVJHELHW $Q]DKO  
,
1 
K,8 ,  VHL GLH 0HQJH GHU 3ULPlUHLQKHLWHQ LQ
6FKLFKW K  $Q]DKO  
K,1 ,  'LH 0HQJH DOOHU +DXVKDOWH LP ten-L 368 VHL L8
$Q]DKO  
L
1  6FKOLHOLFK EH]HLFKQH 8  GLH 0HQJH DOOHU +DXVKDOWH LP
(UKHEXQJVJHELHW$Q]DKO  1 
'HQ*UXQGJHVDPWKHLWHQ HQWVSUHFKHQ GLH XQWHUVFKLHGOLFKHQ 6WLFKSUREHQ
,














'LH 6WLFKSUREH GHU +DXVKDOWH DXV 368 L  LVW
L
V  XQG EHVLW]W GHQ 8PIDQJ
L
Q 
6FKOLHOLFKEH]HLFKQHW V GLH6WLFKSUREHDOOHU+DXVKDOWHPLWGHP8PIDQJ Q 
:HLWHUKLQEH]HLFKQHW
L, ,
p GLH=LHKXQJVZDKUVFKHLQOLFKNHLWYRQ368 L XQG
LN |p GLHEHGLQJWH
=LHKXQJVZDKUVFKHLQOLFKNHLWYRQ+DXVKDOW N DXV368 L ZHQQ368 L JH]RJHQZXUGH
,P)DOOHGHV0=JLOW 0,01=,L )UGHQ)$0=QHKPHQZLU 0,7=N_L DQ
 6FKlW]XQJYRQ*HVDPWZHUWHQTXDOLWDWLYHU0HUNPDOH7RWDOV
%HYRUZLU]HLJHQZLHVLFKGLHVH6WLFKSUREHQLQIRUPDWLRQHQIUGLH9DULDQ]VFKlW]XQJ




OHEHQGHU 3HUVRQHQ DQ GHU =DKO ZHLEOLFKHU 3HUVRQHQKDXVKDOWH LQ GHU *UXQGJH
VDPWKHLWLQWHUHVVLHUW'HU(LQIDFKKHLWKDOEHUZLUGEHLGHU+RFKUHFKQXQJGLH$QSDV
VXQJGHU(UJHEQLVVHDQGLH%HY|ONHUXQJVIRUWVFKUHLEXQJQLFKWEHUFNVLFKWLJW VLHKH
$EVFKQLWW  'LH $XVZHUWXQJ GHV )$0=  HUJLEW GDVV XQWHU GHQ LQVJHVDPW
3ULYDWKDXVKDOWHQZHLEOLFKH3HUVRQHQKDXVKDOWHVLQG1DFK'HVLJQ
*HZLFKWXQJ GHU )DOO]DKOHQ PLW GHP .HKUZHUW GHU =LHKXQJVZDKUVFKHLQOLFKNHLWHQ
 HUJLEW VLFK KRFKJHUHFKQHW HLQ*HVDPWZHUW 7RWDO YRQ  7VG
+DXVKDOWHQ8PGLHVWLFKSUREHQEHGLQJWH8QVLFKHUKHLWGLHVHU6FKlW]XQJ]XEHUFN
VLFKWLJHQ PXVVWH HLQ 1XW]HU ELVODQJ YRQ HLQHU XQHLQJHVFKUlQNWHQ =XIDOOVDXVZDKO





VLJQ(IIHNW ]XPXOWLSOL]LHUHQ9HUZHQGHWPDQ GLH1lKHUXQJVIXQNWLRQ GHV 6WDWLVWL
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:LUZROOHQLPIROJHQGHQ ( )W9 ˆ GLH9DULDQ]YRQ Wˆ EHVWLPPHQ%HL8QDEKlQJLJNHLW
GHU=LHKXQJ]ZLVFKHQGHQ6FKLFKWHQHUKlOWPDQ


















'DV KHLW HV JHQJW GLH 9DULDQ] GHV JHVFKlW]WHQ 7RWDOV
K
Wˆ  IU GLH HLQ]HOQHQ
6FKLFKWHQ]XEHVWLPPHQ%HLHLQHPVWXILJHQ=LHKXQJVYHUIDKUHQPLWGHPDXI MH
GHU 6WXIH HLQH HLQIDFKH VLPSOH 6, 6WLFKSUREH JH]RJHQZLUG 7\S 6, 6, LQ GHU
1RWDWLRQYRQ6lUQGDOHWDOHUKlOWPDQ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  KSchicht der  in Werte-der PSU Varianz



















 PSUten-  im Werte-der y Varianz L






































































 PSUten- im Werte-der y Varianz L
0DQEHDFKWHDOOHUGLQJVGDVVGLHEHLGHQ9DULDQ]WHUPH LQ*OHLFKXQJ GXUFKGLH
6WLFKSUREHQSHQGHQWV QLFKW HUZDUWXQJVWUHX JHVFKlW]W ZHUGHQ YJO 6lUQGDO HW DO
  'LH %HWZHHQ.RPSRQHQWH ZLUG LP0LWWHO GXUFK GLH 9DULDQ] GHU JH































)$0= VWHWV NOHLQHU VLQG DOV IU GHQ0= %HL GHQPHLVWHQ0HUNPDOHQ OLHJHQ GLH




3UR]HQW 1RQUHVSRQVH)lOOH DXI  +DXVKDOWVHEHQH EHQXW]W 'LH IU GLH HLQ]HOQHQ
+DXVKDOWH XQWHUVFKLHGOLFKHQ *HZLFKWH OLHJHQ MHGRFK LP )$0= QLFKW YRU XQG
N|QQHQIROJOLFKDXFKQLFKWIUGLH6FKlW]XQJYRQ7RWDOVEHQXW]WZHUGHQ
'HU 9HUJOHLFK GHU 6WDQGDUGIHKOHU ]HLJW GDVV GLH )$0=:HUWH VWHWV EHU GHQ 0=
:HUWHQOLHJHQ'LHVZDUDXFKDQJHVLFKWVGHVXPGHQ)DNWRUQLHGULJHUHQ6WLFKSUR
EHQXPIDQJV ]X HUZDUWHQ 'LH 5HGXNWLRQ GHV 6WLFKSUREHQXPIDQJV ZUGH EHL HLQHU
XQHLQJHVFKUlQNWHQ=XIDOOVDXVZDKO]XU9HUJU|HUXQJGHV6WDQGDUGIHKOHUVXPUXQG
3UR]HQW IKUHQ (PSLULVFK HUJLEW VLFK MHGRFK QXU HLQH 9HUJU|HUXQJ XP GXUFK
VFKQLWWOLFK3UR]HQW'HU*UXQGIUGLH+DOELHUXQJGHV)DOO]DKOHIIHNWV OLHJW LQGHU
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hEHUZLHJHQGHU
/HEHQVXQWGXUFK
(UZHUEVWlWLJNHLW           
:HLEOLFKH(UZHUEVW
PRQDWO1HWWRHLQN
'0           
3ULYDWKDXVKDOWHPLW
3HUVRQZHLEOLFK           




XQWHU9HUZHQGXQJ GHU YHU|IIHQWOLFKWHQ=XVFKODJVIDNWRUHQ ]XP0LNUR]HQVXV  6WDWLVWL
VFKHV%XQGHVDPWD1lKHUXQJVIXQNWLRQV$EVFKQLWW
6XESRSXODWLRQHQ%HY|ONHUXQJDP+DXSWZRKQVLW]3ULYDWKDXVKDOWH
'LH %HWUDFKWXQJ GHV UHODWLYHQ 6WDQGDUGIHKOHUV  6WDQGDUGIHKOHU7RWDO EHOHJW GLH
KRKH3Ul]LVLRQYRQ(UJHEQLVVHQDXI %DVLVGHV)$0=GLHLKUHVJOHLFKHQEHLGHQE
OLFKHQ VR]LDOZLVVHQVFKDIWOLFKHQ (UKHEXQJHQ VXFKW 6HOEVW EHL UHODWLY VFKZDFK EH
VHW]WHQ0HUNPDOHQ ZLH ]XP %HLVSLHO HUZHUEVWlWLJHQ )UDXHQPLW HLQHP1HWWRHLQ
NRPPHQXQWHU'0OLHJWGHUUHODWLYH6WDQGDUGIHKOHUEHL3UR]HQW:LHDEHU
GHU9HUJOHLFKGHU)$0=7RWDOVPLWGHQGXUFKGDV.RPSHQVDWLRQVJHZLFKWKRFKJH
UHFKQHWHQ0=:HUWHQ JH]HLJW KDW OLHJHQ EHUHLWV EHL NOHLQHQ 6WLFKSUREHQDXVIlOOHQ






=XP HLQHQ ZHUGHQ GLH 3RSXODWLRQVWRWDOV V\VWHPDWLVFK XQWHUVFKlW]W 'LHVH 8QWHU
VFKlW]XQJOLHHVLFKEHKHEHQZHQQGLH.RPSHQVDWLRQVJHZLFKWXQJ LP)$0=HQW
KDOWHQZlUH'LH.RPSHQVDWLRQVJHZLFKWHJHEHQGLHJHVFKlW]WHQ$XVIDOOUDWHQ LQ
QHUKDOEGHU  UHJLRQDOHQ8QWHUJUXSSHQ IU YHUVFKLHGHQH0HUNPDOVNRPELQD
WLRQHQ DQ 'LH .RPSHQVDWLRQVJHZLFKWH N|QQWHQ IU HLQH .RUUHNWXU GHU ,QNOX





8QWHUVFKlW]XQJ GHV 6WLFKSUREHQIHKOHUV GD GLH 6WUHXXQJ GHU 6WLFKSUREHQYDULDQ]
DXIJUXQG GHV 1RQUHVSRQVH LJQRULHUW ZLUG +LQVLFKWOLFK GHU JHULQJHQ $XVIDOOUDWH
GUIWHGLHVHU(IIHNWDEHU]XYHUQDFKOlVVLJHQVHLQ
$XFKZHQQGLHJHQDQQWHQ3UREOHPHGLH9DULDQ]VFKlW]XQJEHHLQWUlFKWLJHQNDQQ]X
VDPPHQIDVVHQG IHVWJHKDOWHQ ZHUGHQ GDVV GLH GLUHNWH 9DULDQ]EHUHFKQXQJ LP 9HU
JOHLFK]XUELVKHUQRWZHQGLJHQ9RUJHKHQVZHLVHIUGLH1XW]HUGHV)$0=HUKHEOLFKH
9RUWHLOH HLQHU SUl]LVHUHQ 9DULDQ]VFKlW]XQJ XQWHU %HUFNVLFKWLJXQJ GHV 6WLFKSUR
EHQGHVLJQVEHVLW]W
 6FKlW]XQJHLQHV9HUKlOWQLVZHUWV
)U GLH LP 0LNUR]HQVXV EHUZLHJHQGHQ TXDOLWDWLYHQ 0HUNPDOH ZHUGHQ QHEHQ *H
VDPWZHUWHQKlXILJDXFK9HUKlOWQLVRGHU$QWHLOVZHUWHEHWUDFKWHW'DEHL GLHVHU9HU







 $XI +DXVKDOWVHEHQH GK IU+DXVKDOWVEH]XJVSHUVRQHQZHUGHQ GLH0HUNPDOVJUXSSHQ
EHU GLH +DXVKDOWVJU|H  GLH 1DWLRQDOLWlW 'HXWVFKH$XVOlQGHU GHQ :RKQVLW]





W  HLQ 7RWDO EH]JOLFK HLQHV0HUNPDOV \  XQG
]
W  HLQ 7RWDO EH]JOLFK HLQHV
0HUNPDOV ] 'LH]XVFKlW]HQGH*U|HZLUGGXUFK ]\ WW5 ˆˆˆ = GDUJHVWHOOW=XU%H
























































W1 OHGLJOLFKGLH9DULDQ]GHV p 6FKlW]HUVIUGDV8
7RWDO]XEHVWLPPHQ:HJHQGHU OLQHDUHQ$SSUR[LPDWLRQGHU6FKlW]IXQNWLRQZLUGDO
OHUGLQJVQXU HLQH1lKHUXQJGHU9DULDQ]YRQ  Rˆ  EHVWLPPW GLH IU JURH%HREDFK
























W XQG  R GXUFKGLH6FKlW]ZHUWH
]

















































































'LHVHU 6FKlW]HU ZLUG YRQ GHQPHLVWHQ 3URJUDPPSDNHWHQ EHQXW]W VREDOG HLQH *H
ZLFKWXQJVYDULDEOHYHUZHQGHWZLUG,QGLHVHU)RUPLVW syˆ  HLQ6SH]LDOIDOOYRQ  Rˆ PLW



















X PLVVW DOVR GLH$EZHLFKXQJ GHU \ :HUWH YRP JHZLFKWHWHQ
6WLFKSUREHQPLWWHO'HU)DNWRU 2ˆ1
]
W LVWGXUFK 2ˆ1 1 JHJHEHQ
'LH7DEHOOH]HLJWIUGLH0HUNPDOHYRQ7DEHOOHGHQJHVFKlW]WHQ$QWHLOLQ3UR]HQW
GHU 0HUNPDOVWUlJHU DQ GHU %HY|ONHUXQJ DP +DXSWZRKQVLW] EH]LHKXQJVZHLVH GHQ
3ULYDWKDXVKDOWHQ LQVJHVDPW 'LH OHW]WH 6SDOWH LQ 7DEHOOH  ]HLJW GHQ :HUW IU GHQ
6WDQGDUGIHKOHU ZHQQPDQ GLH ,QVJHVDPW:HUWH DOV EHNDQQWH*U|H EHQXW]W LQGHP
PDQEHLVSLHOVZHLVHGLHLPOHW]WHQ$EVFKQLWWJHVFKlW]WHQ6WDQGDUGIHKOHUGHU7RWDOVDXI
$QWHLOVZHUWHXPUHFKQHW0DQHUKlOWGDVDXI GHQHUVWHQ%OLFNYHUEOIIHQGH(UJHEQLV
GDVV GLHVH 6FKlW]XQJ LQ DOOHQ )lOOHQ XQJHQDXHU LVW DOV GLH 6FKlW]XQJPLW YDULDEOHP
1HQQHU'LHVHU(IIHNW LVW XP VR JU|HU MH KlXILJHUGDV0HUNPDO LQGHU3RSXODWLRQ
YHUWUHWHQ LVWGDVKHLW MH VWlUNHU=lKOHUXQG1HQQHUPHUNPDONRYDULLHUHQ%HLVSLHOV
ZHLVH ZLUG GHU $QWHLO GHU 3HUVRQHQ PLW EHUZLHJHQGHP /HEHQVXQWHUKDOW DXV (U
ZHUEVWlWLJNHLWXPUXQG3UR]HQWJHQDXHUJHVFKlW]WZHQQGHU1HQQHUHEHQIDOOVJH
VFKlW]WZLUG)UGDV%HLVSLHOPHUNPDOZHLEOLFKH3HUVRQHQKDXVKDOWHZLUNWVLFKGLHVHU
(IIHNW SUDNWLVFK QLFKW DXV 6RZRKO LP )DOO HLQHV JHVFKlW]WHQ ZLH DXFK EHNDQQWHQ




0HUNPDO< LQ 1JHVFK 1EHN
$XVOlQGLVFKH(UZHUEVSHUVRQHQ   















:LU VLQG ELVKHU EHL GHU+RFKUHFKQXQJ DXVVFKOLHOLFK YRQ GHQ 6WLFKSUREHQZHUWHQ
DXVJHJDQJHQ9RQGHQ VWDWLVWLVFKHQbPWHUQZHUGHQ MHGRFKGLH0LNUR]HQVXVHUJHE
QLVVH DQKDQG YRQ (FN]DKOHQ GHU ODXIHQGHQ %HY|ONHUXQJVIRUWVFKUHLEXQJ KRFKJH












WHU 0=(UJHEQLVVH EDVLHUHQ GLH )HKOHUUHFKQXQJHQ GHV 6WDWLVWLVFKHQ %XQGHVDPWHV
QXU DXI  GHQ 6WLFKSUREHQZHUWHQ NRUULJLHUW XP GHQ 8QLW1RQUHVSRQVH DXI  +DXV
KDOWVHEHQH'LH$QSDVVXQJGHU)DOO]DKOHQDQGLH%HY|ONHUXQJVIRUWVFKUHLEXQJEOHLEW
EHLGHU%HUHFKQXQJGHV6WLFKSUREHQIHKOHUVDXHU$FKW(VLVWGHVKDOE]XIUDJHQLQ




WHUSUHWLHUWZHUGHQ'HUKLHUEHQXW]WH5HJUHVVLRQVVFKlW]HU EDVLHUW DXI  GHP*URXS
0HDQ0RGHOOGDVVLFKZLHIROJWGDUVWHOOHQOlVVW

 'LH$QSDVVXQJGHU0=(UJHEQLVVH DQ GLH%HY|ONHUXQJVIRUWVFKUHLEXQJ QDFK GHQ.ODVVHQ
*HVFKOHFKW LQ.RPELQDWLRQPLW6WDDWVDQJHK|ULJNHLW 'HXWVFKH$XVOlQGHUHUIROJW UHJLRQDO DXI
GHU (EHQH YRQ $QSDVVXQJVVFKLFKWHQ GDV VLQG UHJLRQDOH (LQKHLWHQ PLW ZHQLJVWHQV 
(LQZRKQHUQ%HLGHU$QSDVVXQJGHU(UJHEQLVVHIU6ROGDWHQHLQVFKO%XQGHVJUHQ]VFKXW]XQG
%HUHLWVFKDIWVSROL]HL XQG :HKUSIOLFKWLJH ZHUGHQ %HVWDQGVPHOGXQJHQ DXV GHP 9HUWHLGLJXQJV
E]Z,QQHQPLQLVWHULXPDXI5HJLHUXQJVEH]LUNVE]Z/lQGHUHEHQHKHUDQJH]RJHQ
 =80$1DFKULFKWHQ-J0DL
'LH*UXQGJHVDPWKHLW8  OlVVW VLFK LQ * GLVMXQNWH7HLOPHQJHQ { }*J8
J
,,1  , K˛
]HUOHJHQ)UGLH(OHPHQWHLQQHUKDOEMHGHU*UXSSH J JLOW
 ( ) JN\( bx = J8N ˛





EHU GHQ0HUNPDOHQ XQG ( )×
x




























































\=ˆ ( )*J K1=

 'LH9HUZHQGXQJGHVVWDWLVWLVFKHQ0RGHOOVZLUGQXUIUGLH+HUOHLWXQJGHV3RSXODWLRQV



























































'HU)DNWRU 11ZJ ˆ= EHVFKUHLEWGDV9HUKlOWQLVYRQ J1  8PIDQJYRQ*UXSSH
J LQGHU*UXQGJHVDPWKHLW 6ROO9RUJDEH]X J1ˆ  JHVFKlW]WHU8PIDQJYRQ
*UXSSH J  ,VW:HUW
%HL GHU $QSDVVXQJ DQ GLH %HY|ONHUXQJVIRUWVFKUHLEXQJ ZLUG IU
J
1  MHZHLOV GHU
:HUWIUEHVWLPPWH*UXSSHQJHPlGLHVHU)RUWVFKUHLEXQJJHZlKOW ,P)$0=LVW
HLQH*HZLFKWXQJVYDULDEOH
NZ HQWKDOWHQGLHIU MHGH3HUVRQ JVN ˛ GHQ MHZHLOLJHQ
:HUW JJ 11 ˆ  Å6ROO GXUFK ,VW´




















































N\ YRQGHP MHZHLOLJHQ*UXSSHQPLWWHOZHUW NV\  LQGHU6WLFKSUREH$OV DV\PSWRWL
VFKH9DULDQ] W9
UHJ








IlOOW GLH5HGXNWLRQ VWlUNHU DXV%HLVSLHOVZHLVH UHGX]LHUW VLFK GHU UHODWLYH 6WDQGDUG
IHKOHUIUGDV0HUNPDOÅ3HUVRQHQKDXVKDOWHZHLEOLFK´YRQDXI 3UR]HQW
lKQOLFK VWDUN DXFK EHLP0HUNPDO Å$XVOlQGLVFKH (UZHUEVSHUVRQ´ -HGRFK EHVWHKW
HLQ EHPHUNHQVZHUWHU 8QWHUVFKLHG ]ZLVFKHQ GHQ 6FKlW]ZHUWHQ LQ GHU *U|HQRUG
QXQJ YRQ WHLOZHLVH PHKUHUHQ0LOOLRQHQ EHL ZHLEOLFKHQ 3HUVRQHQKDXVKDOWHQ XP
IDVW7VG+DXVKDOWH'LHV]HLJWGLH3UREOHPDWLNEHLGHU9HUZHQGXQJGHU+RFK
UHFKQXQJVIDNWRUHQDXI %DVLVGHU%HY|ONHUXQJVIRUWVFKUHLEXQJ6LHIKUHQLQVJHVDPW















0HUNPDO< PLW$QS RKQH$QS PLW$QS RKQH$QS
$XVOlQGLVFKH(UZHUEVSHUVRQHQ    
6RIRUWYHUIJEDUH(UZHUEVORVH    
hEHUZLHJHQGHU/HEHQVXQWHUKDOW
GXUFK(UZHUEVWlWLJNHLW    
:HLEOLFKH(UZHUEVWlWLJHPLW
HLQHPPRQDWOLFKHQ1HWWRHLQ
NRPPHQXQWHU'0    
3ULYDWKDXVKDOWHPLW3HUVRQ








VDPPHQKDQJ GDUI  YHUPXWHW ZHUGHQ GDVV GLH 8QWHUHUIDVVXQJ GHU 6ROGDWHQ XQG
:HKUSIOLFKWLJHQ GLH VLFK LQ HLQHP 6ROO,VW9HUKlOWQLV YRQ FD  ZLGHUVSLHJHOW
GXUFK 1LFKWHUUHLFKEDUNHLW YHUXUVDFKW ZLUG $EHU DXFK GLH %HY|ONHUXQJVIRUW
VFKUHLEXQJLVWQLFKWIHKOHUIUHL,QVEHVRQGHUHEHLGHQ$XVOlQGHUQZLUGYHUPXWHWGDVV
:HJ]JH QXU XQ]XUHLFKHQG HUIDVVW VLQG XQG GLH %HY|ONHUXQJVIRUWVFKUHLEXQJ GHV
KDOE]XKRKH$XVOlQGHU]DKOHQDXVZHLVW0LWGHU*HZLFKWXQJZHUGHQGLH0LNUR]HQ
VXVHUJHEQLVVH DXI  (UJHEQLVVH GHU %HY|ONHUXQJVIRUWVFKUHLEXQJ DGMXVWLHUW ZDV ]XU
hEHUWUDJXQJ YRQ )HKOHUQ GHU %HY|ONHUXQJVIRUWVFKUHLEXQJ DXI  GHQ 0LNUR]HQVXV
IKUHQ NDQQ 'LH $QSDVVXQJ IKUW EHLP )$0= ]X HLQHU +RFKJHZLFKWXQJ GHU








)HOGDUEHLW KHUOHLWHQ VLHKH+HLGHQUHLFK   $QGHUHUVHLWV ]HLJHQ9HUJOHLFKH





V\VWHPDWLVFKH8QWHUVXFKXQJHQ EHU GLH )HKOHUTXHOOHQ XQG ]X$EZHLFKXQJHQ ]ZL
VFKHQ0LNUR]HQVXVXQGDQGHUHQ%HY|ONHUXQJVVWDWLVWLNHQ
 'HVLJQ(IIHNWH





]XP6WDQGDUGIHKOHU HLQHU 6WLFKSUREHQ]LHKXQJ JOHLFKHQ8PIDQJV GLH MHGRFK RKQH





XQG 3HUVRQHQ SUR $XVZDKOEH]LUN LP 9HUJOHLFK ]XP 0= XQG GDPLW DXFK GHU
.OXPSHQHIIHNW(V LVWGHVKDOEGDYRQDXV]XJHKHQGDVVGLH IUGHQ0=YHU|IIHQW
OLFKWHQ'HVLJQ(IIHNWHQLFKWHLQIDFKDXI GHQ)$0=EHUWUDJEDUVLQGXQGLKUH9HU
ZHQGXQJ ]X HLQHUhEHUVFKlW]XQJ GHU9DULDQ] LP )$0= IKUW:LUZROOHQ GDKHU

























GD LQGLHVHP)DOOH \8N NG W\1 == å ˛  JLOW)UGLH 6FKlW]XQJGHV3RSXODWLRQVDQ
WHLOV 113
GG
=  GXUFK 1W3 \G ˆˆ =  HUKlOWPDQ LP )DOO HLQHU XQHLQJHVFKUlQNWHQ
=XIDOOVDXVZDKOYJO6lUQGDOHWDO

















































'LHVHV 9HUKlOWQLV NDQQ IU MHGH 6XESRSXODWLRQ DQGHUV DXVIDOOHQ 'DV 6WDWLVWLVFKH
%XQGHVDPW EHQXW]W IU GUHL 0HUNPDOVJUXSSHQ %HY|ONHUXQJ XQG (UZHUEVWlWLJH












)UJHJHEHQH:HUWHYRQ D XQG E HUKlOWPDQXQWHU9HUZHQGXQJYRQXQG
GLHIROJHQGH1lKHUXQJIUGHQUHODWLYHQ6WDQGDUGIHKOHULQ$EKlQJLJNHLWYRQ
GS 



















HWZD3UR]HQWXQG LVW IUGLHGUHL0HUNPDOVJUXSSHQ%($/XQG+ LQ HWZD
JOHLFK'LHVH9HUULQJHUXQJGHV'HVLJQ(IIHNWVKlQJWPLWGHU5HGXNWLRQGHV.OXP
SHQHIIHNWVEHLGHU6XEVWLFKSUREHQ]LHKXQJ]XVDPPHQ/lVVWPDQHLQPDODXHUDFKW



































VHKUJXWH6FKlW]XQJ+LQJHJHQ VWUHXHQGLH HPSLULVFK HUPLWWHOWHQ'HVLJQ(IIHNWH IU








]XU %HVFKUHLEXQJ GHV'HVLJQ(IIHNWV OLHIHUW DEHU EHL HLQ]HOQHQ0HUNPDOHQ GRFK
EHWUlFKWOLFKH$EZHLFKXQJHQGHV MHZHLOLJHQ'HVLJQ(IIHNWVYRQGHU5HJUHVVLRQVJH
UDGHQYRUOLHJHQ ,Q(LQ]HOIlOOHQ IKUW DOVRGLH9HUZHQGXQJGHU'HVLJQ(IIHNWH ]X
HUKHEOLFKHQhEHUE]Z8QWHUVFKlW]XQJHQGHU9DULDQ]ZREHLEHUGLH5LFKWXQJGHV




KLHU EHULFKWHWHQ 'HVLJQ(IIHNWH IU GHQ )$0=  EHL 9DULDQ]VFKlW]XQJHQ
YHUZHQGHQ

 )U GHQ 0= VLQG ELVKHU QXU IU  GLH HQWVSUHFKHQGHQ 5HJUHVVLRQVNRHIIL]LHQWHQ
















































KHUXQJVYHUIDKUHQ ]X QLHGULJHUHQ 6WDQGDUGIHKOHUQ IKUW 'LHVHV (UJHEQLV KlQJW





FKH (LJHQVFKDIW GLHVHV'DWHQVDW]HV QlPOLFK GLH KRKH 3Ul]LVLRQ GHU 6FKlW]HUJHE
QLVVH EHL ]XJOHLFK VHKU JHULQJHP 1RQUHVSRQVH HIIL]LHQW DXV]XVFK|SIHQ 1HEHQ
0HWKRGHQIUGLH6FKlW]XQJYRQ7RWDOV$QWHLOVXQG0LWWHOZHUWHQZXUGHHLQH5HJ
UHVVLRQVVFKlW]XQJIU7RWDOVHQWZLFNHOW'DPLWN|QQHQGLHDQGLH%HY|ONHUXQJVIRUW






EHQ )U GLHVH YHUHLQIDFKWH 6FKlW]XQJ N|QQHQ GHVKDOE DXFK 6WDQGDUGSUR]HGXUHQ
GHU6WDWLVWLNSDNHWH67$7$XQG6$6YHUZHQGHWZHUGHQ
'LH $QDO\VHQ KDEHQ JOHLFK]HLWLJ GLH *UHQ]HQ GHU NODVVLVFKHQ 6WLFKSUREHQWKHRULH
GHXWOLFKJHPDFKWGLHVLFKDXVVFKOLHOLFKDXI GHQXQWHUGHU$QQDKPHHLQHU LGHDOHQ
8PVHW]XQJ GHV 6WLFKSUREHQSODQV EHUHFKHQEDUHQ 6WLFKSUREHQIHKOHU NRQ]HQWULHUW










'DPLW DXFK YRQ 6HLWHQ GHU DNDGHPLVFKHQ )RUVFKXQJ 0HWKRGHQVWXGLHQ GXUFKJH




GLH 9DULDQ] GHU 6FKlW]HUJHEQLVVH EHU GLH 5RWDWLRQVJUXSSHQ VFKlW]HQ (LQH
,GHQWLILNDWLRQ GHU =XJHK|ULJNHLW ]XU 5RWDWLRQVJUXSSH LVW DXHUGHP IU GHQ 9HU
JOHLFKYRQ.HQQZHUWHQDXI GHU%DVLVHLQ]HOQHU4XHUVFKQLWWVDQJDEHQ]XP%HLVSLHO
9HUlQGHUXQJHQ  IU 9DULDQ]VFKlW]XQJHQ Q|WLJ ,Q GLHVHP =XVDPPHQ
KDQJ VHL DQJHPHUNW GDVVGLH DEGHP0LNUR]HQVXV P|JOLFKH=XVDPPHQIK
UXQJGHUHLQ]HOQHQ0LNUR]HQVXVHUKHEXQJHQ]XHLQHPURWLHUHQGHQ3DQHOIUGLH)RU
VFKXQJ YRQ DOOHUJU|WHP ,QWHUHVVH LVW (V ZlUH ZQVFKHQVZHUW ZHQQ DXFK GLH
6FLHQWLILF 8VH )LOHV ]X HLQHP 5RWDWLRQVSDQHO ]XVDPPHQJHIKUW ZHUGHQ N|QQHQ

 (LQH 'RNXPHQWDWLRQ GHU KLHU YHUZHQGHWHQ 6$6 6366 XQG 67$7$3URJUDPPH GLH












GLH GXUFK GLHVH $XVZDKOVWXIH EHGLQJWH 9DULDQ]NRPSRQHQWH ]X VFKlW]HQ 'D GLH
0HUNPDOH .RPSHQVDWLRQVJHZLFKW 5RWDWLRQVJUXSSH XQG =DKO GHU 0=+DXVKDOWH
SUR 368 LQ EH]XJ DXI  GHQ 'DWHQVFKXW] NHLQ JUXQGVlW]OLFKHV 3UREOHP GDUVWHOOHQ
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